INTRODUCTION
The control of nonlinear systems is a very active area of research in automatic. The analysis and study of this type of nonlinear systems are sometimes difficult because of strong non linearity [1] . This work is in the field of robust control of nonlinear systems. Most physical systems are actually non-linear, but almost all theorems and lemmas used in robust control are applicable only on linear systems [2] . To apply the concepts of robust control, we must find a technique to represent the model of a nonlinear system into a linear system model. In recent years, several techniques of approximation of the non-linear systems have appeared [3] . This problem has been solved by the introduction of the High-level canonical piecewise affine (HL-CPWA) approach [4] . The system obtained after approximation using HL-CPWA technique are multiple affine system. Analysis and synthesis theory of switching linear systems are applied in this new transformation of the non linear system [5] .
In this paper, we propose a new methodology of robust control in longitudinal navigation plane of an airship. The dynamics of the airship is given by a non-linear mathematical model (SNL). A great interest is given to modeling and controlling of the airship [6] [7] . Modeling airships has often been inspired by that of submarine. These are of comparable sizes and shapes and moving in a fluid. In these models, airships are then treated as rigid bodies, which allows to model by the method of Newton-Euler [8] . This has obviously facilitated the implementation of control algorithms, stabilization or trajectory generation. The most originality of the proposed methodology is the decomposition of the control into two parts. In the first part we choose the control by flatness to generate the trajectory reference of the aerial blimp. The second component of the control is a closed loop. We choose the robust control to study the stability of the tracking error. The concept of flatness has been implemented in several application areas, such as chemical reactor control, control of temperature process, autopilot airplane [9] . The goal of flat control is to generate the reference trajectory by flat outputs. These outputs are used to determine all state variables of the system and the control vector. Hence, we obtain a nominal control applied to the system for a desired behavior. The problem of the tracking of the blimp's trimmed flight is solved by a LPV robust control. The linear parameter varying control, called LPV control is developed by Biannic in 1996 and Courties in 1999 [10] . This technique of control is based on finding a parameter dependent Lyapunov (PDLV) which ensures the robust stability of the LPV system. This approach solves the problems of robust control by decreasing a degree of conservatism that has quadratic approach due to the use of a single Lyapunov function that ensures the stability of the entire domain of uncertainty of the LPV system. The paper is organized as follows. Section 2 presents the modeling of the airship in longitudinal plan. Section 3 treats the problem of trajectory navigation in the longitudinal plan by a flat control. The problem of trajectory tracking is studied in Section 4. In this case, the problem of the tracking is given by a Linear Parameter Varying system (LPV) and the robust control has the same structure. The validity of this approach is tested in simulation. As a conclusion we are going to present our scientific contributions.
II. MODELING OF AN AIRSHIP IN THE PXGZ PLANE

Figure1: Geometric representation of airship in the plane P(XYZ)
In the domain of navigation, we Generally apply a decoupling of flight in order to obtain sub system of small size easy to control. In [11] , they have chosen to decompose the dynamics of the airship in three planes: longitudinal (PXGZ), horizontal (PXGY) and lateral (PYGZ). In the longitudinal plane, the dynamics of the airship is quite complex and is given by the following equations:
Where: u : Motion in the x-direction (surge), w
Motion in the z-direction ( lift) and q rotation in the y-direction (pitch). In this case, the dynamics associated to roll p , yaw r and lateral v ( ) 0 p r v = = = which will be neglected and will be considered as disturbances (see Fig. 1 ) . 
The gyroscopic effects are neglected because the airship moves with a very slow speed , and it is assumed that the angle θ is small enough in a neighborhood of zero. As the nonlinear dynamical system is topologically equivalent to the linear tangent in the vicinity of point Balanced ( , 0, , 0, 0, 0) r r I x z . In the following, we use the model (2) to generate flatness control.
III. NAVIGATION IN LONGITUDINAL PLANE
The technique used in this section is control by flatness. It's an open-loop type control which allows generating a reference trajectory of some sort. The concept of flatness is to impose on the nonlinear system described by this expression:
x t f x t u t y t h x t
where:
[ ]
the control and y is the output, to follow a reference trajectory ( ) r y t . This output can be generated by:
The system (3) 
( , , ,... ) ( , , ,... )
Where:
The concept of flatness makes sense when one requires the system to track a reference trajectory. Indeed, the control u speaking directly of a function of z and its ( ) 1 α + successive derivatives, the determination of a flat trajectory reference ( ) r z t can be done using α times differentiable function [9] . The pair ( )
determined by the theory of flatness to be followed the reference trajectory. While introducing the following variable changes:
The state variables and input in the new system takes the following expressions:
States : 
and output: w y y y u y y y
We deduce that 1 2 3 ( , , ) y y y are the flat output. The model of blimp, as function of these coordinates, takes this form: 
In order to facilitate the feedback control law construction, we suggest the following variable transformation: 
1 ( 
According to (10) , the determination of variables ( ) 
The tracking problem of system (10) 
We concluded that Ω is described by eight vertices (three parameters, 
Then ( ) S ρ varies within the domain:
With : 0 0
The problem is to determine à LPV control ( ) U K X ρ = in order to ensure the stability of (15) . So the LPV control is varying in accordance of the parameter variation of ( ) ( ) ( ) , A B ρ ρ . In fact, the system and the controller have the same structure. The approach used in this section is based on the notion of polyquadratic stabilization where a parameter dependent Lyapunov functions are used to ensure the stability of the LPV system [12] . The following theorem give a necessary and sufficient condition guarantees the quadratic stability of the system (15). 
They parameters of airship are: 
The time evolution flat contro Figure 4 shows that the rob they states of the LPV system to the reference trajectory. T of this control technology. -The introduction of a new allows to control the syste mathematical model.
-applying this approach to contrast to [14] where navigation of airships in the by the backstepping techn problem is given by LPV ro for the controller is polyto sed a new methodology of nal navigation planes of an nality of the proposed position of the control into art we choose the control e trajectory reference. The ontrol is a closed loop. We study the stability of the m of the tracking is given ing system (LPV). In this V control by state output lem. We have shown that the corresponding control law can be designed by solving a linear optimization problem associated with a criterion and LMI constraints [15] [16] . The proposed methodology is validated by means of simulations results. Only the case of quadratic stability has been treated here, it would be advantageous to treat the case of pole placement, rejection of disturbance H ∞ to improve the performance of the closed-loop system (passing time, peak time, settling time). In this case, we shall have to solve an optimization problem with a large number of LMI [17] , [18] .
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